The measurement of the trilinear and quartic Higgs self-couplings is necessary for the reconstruction of the Higgs potential. This way the Higgs mechanism as the origin of electroweak symmetry breaking can be tested. The couplings are accessible in multi-Higgs production processes at the LHC. In this paper we investigate the prospects of measuring the trilinear Higgs coupling in composite Higgs models. In these models, the Higgs boson emerges as a pseudoGoldstone boson of a strongly interacting sector, and the Higgs potential is generated by loops of the Standard Model (SM) gauge bosons and fermions. The Higgs self-couplings are modified compared to the SM and controlled by the compositeness parameter ξ in addition to the Higgs boson mass. We construct areas of sensitivity to the trilinear Higgs coupling in the relevant parameter space for various final states.
Introduction
The Standard Model of particle physics has been extremely successful in describing the fundamental forces of the weak, electromagnetic and strong interactions. It is based on the SU (2) L ×U (1) Y gauge group which is spontaneously broken down to the electromagnetic group U (1) em . The electroweak symmetry breaking (EWSB) mechanism has been implemented in the most economical way by adding a single weak isodoublet scalar field [1] [2] [3] . Three of its four degrees of freedom, the pseudoNambu-Goldstone bosons, provide the masses of the massive electroweak gauge bosons, W ± and Z. The remaining physical degree of freedom is associated with the SM Higgs boson. Also the fermions acquire their masses through the interaction with the Higgs boson in the ground state. The non-vanishing vacuum expectation value, which is essential for the non-zero particle masses, is induced by the typical form of the Higgs potential. Since all the Higgs couplings are predetermined, the parameters describing the Higgs particle are entirely fixed by its mass. It is the only unknown parameter in the SM Higgs sector [3] . Furthermore, the Higgs boson plays the role of an ultraviolet moderator. It ensures unitarity in the scattering of massive longitudinal gauge bosons.
Despite the fact that no experimental evidence has been found so far for the Higgs mechanism, the SM is in very good agreement with electroweak precision tests at LEP, SLC, Tevatron and HERA. Any departure from the SM has to pass the test of EW precision measurements. Considering new physics beyond the minimal version of the SM Higgs hence motivates smooth departures from the SM. This is i.e. given by the introduction of a light Higgs boson which emerges as a pseudoGoldstone boson from a strongly-coupled sector [4] , the so-called Strongly Interacting Light Higgs (SILH) scenario [5, 6] . It is a bound state emerging from strong dynamics [7, 8] , and due to its Goldstone nature it is separated by a mass gap from the other usual resonances of the strong sector. At low energy, the composite model therefore has the same particle content as in the SM, with a light and narrow Higgs-like scalar. Because of the composite nature its couplings, however, are different from the SM case. This can have significant impacts on the experimental sensitivities in the LHC Higgs boson search channels [5, 9, 10] .
In Ref. [5] an effective Lagrangian for a composite light Higgs boson was constructed. It was shown that with respect to LHC studies the Higgs properties are described by its mass and two new parameters. The effective SILH Lagrangian represents the first term of the expansion in ξ = (v/f ) 2 where v = 1/ √ 2G F ≈ 246 GeV is the scale of EWSB and f is the strong dynamics scale. It describes the physics near the SM limit ξ → 0, whereas in the technicolor limit [11] , ξ → 1, a resummation of the full series in ξ is needed. Such a resummation is provided for instance by explicit models built in five-dimensional warped space. In this paper we chose two five-dimensional models which we hope to be representative of minimal composite Higgs models. The deviations from the SM couplings are governed by only one parameter ξ which varies from 0 to 1. We did not take into account couplings with a different Lorentz structure. They are generated via the exchange of heavy resonances of the strong sector and suppressed by at least (f /m ρ ) 2 , with m ρ > 2.5 TeV being the typical scale of the heavy resonances. A direct Higgs coupling to two gluons or two photons will also always be sub-leading compared to the couplings considered in this paper. And the effect of new heavy top partners is already included in the effective Lagrangian approach [5, 9, 10, 12] .
While the SM Higgs boson suffers from the hierarchy problem, this problem does not arise for a composite Higgs state. The Higgs potential vanishes at tree level due to the non-linear Goldstone symmetry acting on it. However, the global symmetry of the strong sector is explicitly broken by the couplings of the SM fields to the strong sector. The Higgs potential is thus generated by loops of SM fermions and gauge bosons. The EWSB scale is dynamically generated and can be smaller than the scale f , in contrast to technicolor models where there is no separation of scales. The Higgs gets a light mass through loops with m h ∼ g SM v where g SM < ∼ 1 is a generic SM coupling. Although the composite Higgs boson couplings, deviating from the SM, are no direct probe of the strong sector at the origin of the electroweak symmetry breaking 1 their determination would allow for first insights in the dynamics controlling the Higgs sector. With the measurement of the Higgs self-couplings the Higgs potential can the reconstructed and thus the Higgs sector of EWSB can be tested. Furthermore, consistency tests within the framework of the considered model can be performed by comparing with the other Higgs couplings to fermions and gauge bosons. In this paper we focus on the determination of the trilinear composite Higgs self-coupling λ HHH in order to investigate the prospects of testing the dynamics responsible for generating the Higgs potential. This coupling is accessible in Higgs pair production processes [14, 15] . In the SM the extraction of λ HHH at the LHC is extremely challenging due to small cross sections and large backgrounds [16] [17] [18] . Our goal is to find parameter regions where λ HHH might be accessible. 2 We hope this to motivate realistic analyses taking into account the relevant background processes and detector effects which is beyond the scope of our paper.
The organization of the paper is as follows. In section 2 we will introduce the Higgs potential and the general parametrization of the Higgs couplings. In section 3 the various Higgs pair production cross sections at the LHC will be analyzed. In section 4 we will present and discuss the sensitivity for the extraction of λ HHH before we will conclude in section 5.
Higgs potential and parametrization of the Higgs couplings
The Holographic Higgs models of Refs. [20] [21] [22] which are based on a five-dimensional theory in Anti de-Sitter (AdS) space-time, provide a resummation in the compositeness parameter ξ = (v/f ) 2 . The bulk gauge symmetry SO(5) × U (1) X × SU (3) is broken down to the SM gauge group on the ultraviolet (UV) boundary and to SO(4) × U (1) X × SU (3) on the infrared (IR). With the symmetry-breaking pattern of the bulk and IR boundary given by SO(5) → SO(4) we have four Goldstone bosons parametrized by the SO(5)/SO(4) coset. In this paper we will work in the framework of the minimal models presented in Refs. [21, 22] . With mild tuning, they are consistent with electroweak precision tests (EWPT). The electroweak symmetry is broken dynamically via top loop effects. The Higgs Yukawa couplings and hence the form of the Higgs potential of the low-energy effective theory depends on the way the SM fermions are embedded in representations of the bulk symmetry. In the minimal composite Higgs model MCHM4 [21] the SM fermions transform as spinorial representations of SO(5) whereas in the MCHM5 model [22] as fundamental representations. The Higgs potential is generated at one loop by gauge and fermion interactions.
1 A direct probe is provided by the production of heavy resonances of the strong sector. Further tests are given by the observation of longitudinal gauge boson scattering growing with the energy or strong double Higgs production in longitudinal gauge boson fusion [6] . See also Ref. [13] for a probe of EWSB.
2 In Ref. [19] a study of Higgs self-interactions was performed in the context of genuine dimension-six operators.
Sensitivities were, however, derived for e + e − linear colliders.
In MCHM4, it is given by
where α, β are integral functions of the form factors in the low-energy effective Lagrangian encoding the effect of the strong dynamics. EWSB is triggered by the top loops, and the Higgs field h acquires a vacuum expectation value (VEV) v defined by
The potential Eq. (1) can get further contributions from additional heavy fields [21] , but they will not change the trilinear Higgs coupling. In MCHM5, the Higgs potential reads
Expansion around the VEV leads to
where
As can be inferred from Eqs. (3) and (7) the trilinear and quartic Higgs couplings depend on the mass of the Higgs boson and the parameter ξ. This is different from the SM, where they are uniquely determined by the mass of the Higgs boson. The Higgs couplings to fermions and gauge bosons are also modified compared to the SM couplings by corrections of the order ξ. The modification factors of the interactions relevant for our analysis are summarized in Table 1 for MCHM4 and MCHM5.
Whereas in both models the Higgs gauge couplings are always reduced compared to the SM, in MCHM5 this is not the case for the trilinear Higgs and the Higgs couplings to fermions. Near the SM limit for low values of ξ these couplings are reduced, with a stronger reduction in MCHM5 than in MCHM4, but for large values of ξ the couplings in MCHM5 rise again and can become Model/Coupling HV V HHV V Hf f HHH [6, 10] . much larger than in the SM. The couplings can even vanish in this model (for ξ = 0.5). This will significantly affect all Higgs production processes involving Higgs fermion couplings. Despite the vanishing Higgs couplings to fermions the fermion masses are still created by the Higgs mechanism, since the direct coupling to the VEV is non-zero.
A novel coupling which is relevant for our analysis is the direct coupling of two Higgs bosons to two fermions. It is suppressed by another power of v compared to the SM Higgs Yukawa coupling and is given by
MCHM4:
HHf f :
MCHM5:
In the SM limit, ξ = 0, it vanishes as expected.
Before we turn to our analysis a comment on the constraints on ξ from direct searches at LEP and Tevatron as well from indirect constraints due to electroweak precision measurements is at order. 3 The direct search at LEP excludes ξ ≈ 0. Concerning the EW precision data, in composite models there are three main contributions to the oblique parameters [23] . The contribution to the T parameter would impose a very large compositeness scale f . If we assume, however, the custodial symmetry to be preserved by the strong sector, there is no contribution to the T parameter. The models which we consider fulfill this requirement. The contribution to the S parameter imposes a lower bound on the mass of the heavy resonances, m ρ > ∼ 2.5 TeV. We assume the mass gap between the Higgs boson and the strong sector resonances to be large enough to fulfill this constraint. Finally, since the Higgs couplings to the SM gauge bosons are altered by corrections of the order ξ the cancellation between the Higgs and gauge boson contributions to S and T does not hold anymore in contrast to the SM case. They are hence both logarithmically divergent [24] . 4 This leads to an upper bound on the compositeness parameter of ξ < ∼ 0.2 − 0.4 in the Higgs mass range M H = 80 − 200 GeV [25] . This bound can be relaxed by about a factor 2, if we allow for a partial cancellation of the order of 50% with contributions from other states [10] .
Perturbative requirements forbid the limit ξ → 1, especially for MCHM5. A rough estimate shows that values close to 1 are allowed. The exact limit depends on the details of the models.
Higgs Pair Production Processes
The Higgs potential is determined by the mass of the physical Higgs boson and the trilinear and quartic Higgs self-couplings. In the composite Higgs models the Higgs self-interactions are given by M H and ξ, i.e. for λ HHH ,
MCHM4
:
with the SM trilinear coupling being uniquely determined by M H . Through the measurement of λ HHH we make a first step towards a full reconstruction of the Higgs potential and gain insights in the dynamics at the origin of EWSB. A departure from the SM relation between Higgs boson mass and Higgs self-couplings would indicate New Physics beyond the SM.
The trilinear Higgs coupling can be measured directly in the production of a pair of Higgs bosons. At the LHC, Higgs pairs can be produced through double Higgs-strahlung off W and Z bosons [26] , W W and ZZ fusion [27] , and gluon gluon fusion [28] . In principle, the cross sections in the composite Higgs model can easily be derived from the SM cross sections by multiplying the SM Higgs couplings with the corresponding modification factors, cf. Table 1 . There is one caveat, however. In gluon fusion to a Higgs boson pair there is an additional diagram, which vanishes in the SM limit and which involves the direct coupling of a pair of Higgs bosons to two fermions. It is shown as the last diagram in gg double Higgs fusion in Fig. 1 , which displays the generic diagrams contributing to the Higgs pair production processes at the LHC. The trilinear Higgs coupling is marked by a blob in the different processes.
The parton cross sections for double Higgs-strahlung W HH and ZHH have been obtained from the corresponding results for e + e − collisions [29] by adjusting the couplings properly and taking into account the modification of the composite Higgs couplings with respect to the SM case. The gluon fusion cross section has been derived from Ref. [30] by implementing the appropriate correction factors of order ξ in the Higgs interactions and by adding the new diagram. This has been cross checked in a second independent calculation. The production processes at the LHC are then obtained by folding the double Higgs production parton cross sections of the quark and gluon subprocesses, respectively,σ(gg/qq ′ → HH;ŝ = τ s) with the corresponding luminosities
with
where f g/q ( ′ ) denote the quark and gluon parton densities in the proton at a typical scale Q. Fig. 3 . Throughout the whole paper we assume a center-of-mass energy of 14 TeV, and we have adopted the parton distribution functions CTEQ6L1 [32] .
As can be inferred from the figures, in the SM the gluon fusion process is by far dominant due to the large number of gluons in high-energy proton beams. In view of the results for single Higgs production [33] , QCD radiative corrections are expected to be important for this channel. In the low-energy limit for small Higgs masses M 2 H ≪ 4M 2 t they lead to a K factor of K ≈ 2 [15] in the mass range considered here. Since the QCD corrections of the SM can be translated in a straightforward way to our composite Higgs model they have been included in the plots.
The next important processes are given by the sum of W W and ZZ fusion, with the W W fusion channel dominating over ZZ fusion by a factor ∼ 2.2 − 2.8 for ξ = 0 − 0.8. Double Higgs-strahlung provides the smallest cross sections due to the scaling behaviour ∼ 1/ŝ. The cross sections for W HH and ZHH have been summed with W HH being larger by ∼ 1.6 − 2.1 for ξ = 0 − 0. 
They indicate the sensitivity to λ HHH in the different models. Where necessary amplification factors have been applied for the arrows to make them visible in the plots.
The size of the composite Higgs pair production cross sections with varying ξ as well as their sensitivity to λ HHH can be understood by examining the interference structure of the contributing diagrams and the size and sign of the composite Higgs couplings. In interpreting the gluon fusion cross section the additional new diagram due to the direct Higgs pair coupling tohas to be taken into account. We start the discussion with gg Fusion: Due to the diagrams involving the HHqq coupling the cross section increases with rising ξ. The larger HHqq coupling in MCHM5 leads to a more important increase than in MCHM4. The cross section can be up to a factor 30 bigger than in the SM with values of O(1 pb). In MCHM4, the sensitivity gets smaller with rising ξ due to the dominance of the HHqq diagram and the decreasing Higgs self-coupling. This also holds for MCHM5 and ξ < 0.5. The downwards orientation of the arrows is due to destructive interferences. In MCHM5, at ξ = 0.5 the sensitivity completely vanishes since λ HHH = 0. 6 Although beyond ξ = 0.5 the trilinear Higgs self-coupling in MCHM5 increases with rising ξ, the sensitivity does not, since it is diluted by the more important contribution from the diagram with the HHqq coupling, which does not suffer from a suppression due to the Higgs boson propagator.
W W/ZZ Fusion: The vector boson fusion cross section increases with rising ξ but not as much as gg fusion, so that with at most ∼ 20 fb it reaches about 5 times the SM cross section. For ξ ≤ 0.5 the rise is due to the destructive interference of the diagram involving the V V HH coupling with the u-and t-channel diagrams, which gets smaller with the decreasing Higgs gauge couplings in both models. Above ξ = 0.5 the V V HH coupling changes sign and the interference becomes constructive leading to larger cross sections. Since in MCHM5 also the λ HHH coupling changes sign above ξ = 0.5, the related previously destructive interference becomes constructive and the arrow changes its orientation.
The suppression of the sensitivity to the trilinear coupling with rising ξ is due to the increasing dominance of the strong sector: In the scattering amplitude of the longitudinal gauge bosons the modified Higgs couplings to gauge bosons lead to an incomplete cancellation of the diagrams, which only involve Higgs gauge couplings and which grow with the c.m. energy s. Thus in composite Higgs models double Higgs production in W L W L fusion becomes strong [5, 6] . This behaviour can be inferred from the explicit formula of the amplitude for longitudinal gauge boson scattering in a pair of Higgs bosons,
with β W,H denoting the W, H velocities and θ the Higgs production angle in the c.m. frame of W W , and
. We have A = 1 − ξ in MCHM4 and A = 1 − 2ξ in MCHM5. The high-energy limit agrees exactly with the behaviour of the longitudinal gauge boson scattering amplitude given in Refs. [5, 6] .
Both in gg and W W fusion for high energies the diagrams without λ HHH will hence completely dominate and dilute the sensitivity to λ HHH . The distribution in the invariant mass of the Higgs pair, which is sensitive to λ HHH [16] [17] [18] , can then only be exploited in the region close to the threshold to get access to the trilinear Higgs coupling [6] . 7 W HH/ZHH: In the SM all diagrams interfere constructively. For non-vanishing ξ < 0.5 all composite Higgs couplings are suppressed compared to the SM so that the cross sections in MCHM4 and 5 are less important. For ξ > 0.5, the HHV V coupling changes sign, and in MCHM4 the diagram interferes destructively with the one involving λ HHH . The cross section increases with rising ξ, i.e. smaller Higgs self-coupling, and the arrow changes orientation. In MCHM5, also the trilinear Higgs coupling changes sign and the interference between the two diagrams remains constructive. For small ξ values the sensitivity is larger in MCHM4, since λ HHH is bigger than in MCHM5. For large values of ξ, λ HHH is larger in MCHM5 and thus the sensitivity, too. The cross sections are small and do hardly exceed 1 fb in the composite Higgs models.
Sensitivities
In this section we will discuss the sensitivity of the Higgs pair production cross sections to the trilinear Higgs coupling. We will ask two questions:
1.) What are the prospects to distinguish composite Higgs pair production from the SM case? 2.) What are the prospects to extract the trilinear composite Higgs coupling from the double Higgs production processes?
We will investigate these questions by constructing sensitivity areas for various final states. The final states are dictated by the Higgs branching ratios. These depend on the mass of the Higgs boson and the value of ξ. Since in MCHM4 the Higgs couplings to a pair of gauge bosons and fermions are modified by the same factor, the branching ratios do not change with respect to the SM [6, 10] . These are shown as a function of the Higgs boson mass in Fig. 4 . They have been obtained by means of the program HDECAY [34] . As can be inferred from the figure, for M H below the gauge boson threshold the Higgs boson dominantly decays into bb. Above ∼ 140 GeV the main decay channel is given by the W + W − final state, followed by ZZ. For the production processes we concentrate on gg fusion. In gauge boson fusion the additional two tagging jets could be exploited. However, the cross section is an order of magnitude smaller than 8 For the generation of the branching ratios the Higgs coupling modifications in MCHM5 have been implemented in the program HDECAY [34] . 9 The Higgs boson decay into fermions through electroweak particle-loops cannot compete with the loop-mediated γγ decay, since it has in addition to the loop suppression factor a suppression factor of order m 2 f /M 2 where m f is the light fermion mass and M is a mass of electroweak size that can be either the Higgs mass, the top mass or the W mass depending on the diagram involved. The decay is about 2 orders of magnitude subdominant compared to the γγ decay [10] .
gg fusion. The Higgs radiation cross sections, too, are too small to be accessible. The smallness of the Higgs pair production cross section and the large backgrounds represent a considerable challenge. For Higgs boson masses below the gauge boson threshold the decay into bb has to be combined with a rare decay of the second Higgs boson, since the 4b final state is hopeless in view of the huge QCD background. We therefore investigate the bbγγ and the bbτ τ final states. For Higgs masses above ∼ 140 GeV, the 4W final state is most promising. We first address the question:
1.) Can composite Higgs pair production be distinguished from the SM case?
In order to get a compact answer we have constructed sensitivity areas in the ξ − M H plane. For each Higgs mass we have determined the value of ξ where the Higgs pair production cross section with subsequent decay in the different final states deviates by more than 1, 2, 3 or 5σ from the corresponding SM process. Denoting by S MCHM the number of signal events for the process calculated in the composite Higgs model and by S SM the corresponding number in the SM, there is sensitivity if
We assumed an integrated luminosity of 300 fb −1 . The results are presented in Fig. 6 and in Fig. 7 for MCHM4 and MCHM5, respectively. The sensitivity areas are shown for the final states bbγγ, bbτ τ and
For comparison we also show bbµ + µ − . The sensitivity areas are a result of an interplay of the production process and the Higgs branching ratios. In MCHM4, c.f. Fig. 6 , the deviation from the SM is exclusively dictated by the behaviour of the production process, as the MCHM4 branching ratios are the same as in the SM. In the bbγγ final state, MCHM4 can be distinguished from the SM at 3 σ starting from ξ ≈ 0.6 and for M H < ∼ 140 GeV. Here on the one hand the gluon fusion cross section and on the other hand the branching ratios are large enough to yield the necessary number of signal events. The same holds for the bbτ τ final state where due to the larger branching ratio in a τ pair the 5σ sensitivity region extends to values of ξ as low as ∼ 0.2 for M H < ∼ 120 GeV. In the 4W final state the complementary Higgs mass region can be covered, i.e. at 5σ M H > ∼ 140 GeV for ξ > ∼ 0.1 (M H > ∼ 110 GeV for large ξ values). 10 The bbµµ final state on the other hand is hopeless due to its small branching ratios.
The no-sensitivity regions are a result of too few events. Altogether, in MCHM4 in the whole mass range ξ values above about 0.1 can be tested. As expected, for lower ξ values no sensitivity to deviations from the SM can be reached. In MCHM5, the sensitivity reach in the ξ − M H parameter space is given by the behaviour of both the Higgs pair production process and the branching ratios. This is why in the bbµµ, bbγγ, bbτ τ final states the 5σ sensitivity areas extend to M H ∼ 200 GeV for ξ values above about 0.7 in contrast to MCHM4. This is a result of the large bb branching ratio which is important up to high mass values for large ξ, c.f. Figs. 5. The vanishing branching ratios into the fermionic final states, however, result in smaller or even vanishing sensitivity areas around ξ = 0.5. 11 The low-sensitivity regions in the bbτ τ final state are due to the same reason: The fermionic branching ratios vanish at ξ = 0.5. Furthermore, the MCHM5 cross section is larger than the SM one for small and large values of ξ due to the larger production cross section. Therefore there must be regions below and above ξ = 0.5 where both the composite Higgs and the SM rates must be the same so that the sensitivity vanishes. With a finer grid in ξ − M H the disconnected regions of low sensitivity tend to form a connected line extending down to M H = 80 GeV. This behaviour can be clearly seen in the bbµµ and bbγγ final states. The 4W final state is sensitive to SM deviations for all ξ values and M H > ∼ 120 GeV. For small Higgs masses it also covers the difficult region around ξ = 0.5 where the branching ratio into W bosons is largely enhanced due to the vanishing bb branching ratio. The dots of low sensitivity are the result of an interplay of falling W W branching ratio with rising ξ, see Figs. 5, and a gluon fusion production process which is not yet large enough to make up for it. In summary, in MCHM5 the whole ξ mass range for ξ > ∼ 0.05 can be tested. Compared to MCHM4, the sensitivity areas are larger for the individual final states.
2.) Is there sensitivity to λ HHH in MCHM4 and MCHM5?
Let us now suppose that nature has chosen to realize EWSB in the framework of a composite Higgs model. Furthermore, we assume that the Higgs has been discovered and its couplings to gauge bosons and fermions are known. 12 We want to investigate if a non-zero λ HHH coupling can be established from the gluon fusion Higgs pair production process so that the Higgs mechanism can be corroborated experimentally. To this goal we derived sensitivity areas in the ξ − M H parameter space where the cross section with vanishing trilinear Higgs coupling deviates by more than 1, 2, 3 and 5σ at L = 300 fb −1 from the composite Higgs process with non-zero Higgs self-interaction strength, i.e. as given in Eqs. (11, 12) . They are presented in Fig. 8 and Fig. 9 for MCHM4 and MCHM5. The presented final states are bbγγ, bbτ τ and 4W . In MCHM4, the contours of the sensitivity areas follow the behaviour of the branching ratios along the M H direction, c.f. Fig. 4 . With decreasing importance of the respective branching ratio the sensitivity to non-zero λ HHH drops. In the ξ direction the sensitivity is dominated by the production process. With rising ξ the sensitivity in gluon fusion diminishes, as the diagram with direct coupling of a Higgs to a fermion pair, which is linear in ξ, becomes more and more important. This has been discussed in detail in Section 3. Note that the sensitivity area in the bbγγ final state where the composite Higgs model can be distinguished from the SM is complementary to the one where a non-zero trilinear Higgs coupling can be established. In the bbτ τ and 4W final states, however, there is considerable overlap of these regions.
In MCHM5, in the bbγγ and bbτ τ final states there is sensitivity to λ HHH also for large ξ values up to M H = 200 GeV. This is because the fermionic branching ratios stay important up to large Higgs masses for ξ > 0.5. For ξ = 0.5, however, λ HHH vanishes so that around this value there is no sensitivity at all. In the same final states for low ξ values the sensitivity areas are smaller than in MCHM4, since the trilinear and Yukawa couplings are more strongly suppressed here compared to MCHM4.
Finally, we show in Figs. 10 and 11 the sensitivity to a variation of λ HHH by +30%, i.e.
13 We do not show the sensitivity area in the bbµµ final state, since it is too small. We have chosen an integrated luminosity of 600 fb −1 . This corresponds to 3 years of running at the LHC design luminosity with two detectors. As expected the sensitivity regions shrink considerably. Nevertheless, in the 4W final state above ∼ 120 GeV a large part of the ξ range can be covered. For low Higgs masses only the difficult bbτ τ final state allows for a 30% determination of λ HHH at low ξ values. In the bbγγ final state the high integrated luminosity of an SLHC with 3000 fb −1 would be needed. erties. 14 Although this is beyond the scope of this work we can discuss this question qualitatively.
As example let us look at the 4W final state. In Refs. [17] such an analysis has been performed for the SM Higgs pair production in gluon fusion with subsequent decay of the W boson pairs into four jets and two same-sign leptons, respectively. The main background originates from W ± W + W − jj production followed by the ttW ± background where one top quark decays leptonically, the other hadronically. It has been found that for 300 fb −1 a vanishing Higgs self-coupling can be excluded at the 95% CL or better in the mass range 150 to 200 GeV. Furthermore, at the SLHC with 3000 fb −1 λ HHH can be determined with an accuracy of 20-30% for 160 ≤ M H ≤ 180 GeV. If we look at this in the framework of the composite Higgs model the backgrounds do not change as long as they do not involve any Higgs intermediate state. Such a process would be the subleading electroweak process of Higgs-strahlung off a W boson with subsequent decay into W + W − . Since in MCHM4 and MCHM5 the Higgs couplings to gauge bosons are always suppressed compared to the SM we are conservative if we compare to the SM background. A Higgs produced in Higgs-strahlung with subsequent decay into tt does not present any danger, since we are well below the top quark pair threshold. As for the signal process in MCHM4 the HH production cross section in gluon fusion with subsequent decay in 4W bosons exceeds the SM process for ξ values up to about 0.7. In MCHM5 with an even more enhanced production cross section this regions extends up to ξ close to 1, where it finally vanishes due to zero Higgs couplings to gauge bosons. Combined with our knowledge about the sensitivity areas presented in this section we can conclude that the prospects of excluding vanishing λ HHH or even measuring it with about 30% accuracy are encouraging. If the Higgs mass is below about 140 GeV the situation becomes more difficult. One would have to exploit final states with b-quarks and photons or τ leptons. The extraction of λ HHH is much more difficult here, as has been shown for the SM case in [18] . In MCHM5 we have the additional complication of not being sensitive at all to λ HHH for ξ ≈ 0.5.
Summary
We have systematically investigated the Higgs pair production processes in the minimal composite Higgs models MCHM4 and MCHM5, which give access to the trilinear Higgs self-coupling. A measurement of λ HHH allows to make a first step towards the reconstruction of the Higgs potential. Furthermore, it provides information on the dynamics beyond EWSB. Due to the small cross sections and large backgrounds the measurement is very challenging. For various final states we have constructed areas in the ξ − M H plane with sensitivity to deviations from the SM as well as sensitivity to a non-vanishing trilinear Higgs self-coupling. As for the 4W final state the results are very encouraging and may trigger more sophisticated analyses taking into account all backgrounds and detector effects, which is beyond the scope of this paper.
